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Evaluation of potential bias in the export estimates Export (load) values estimated with the regression-based approach used in Mueller and Spahr (2005) have been shown to be biased in certain situations where the regression model inadequately describes nutrient variation in the stream-this can result in bias when estimated logarithms of load are retransformed to original units (Stenback et al., 2011) . To evaluate the potential for bias in the load estimates used in this study (originally calculated by Mueller and Spahr (2005) ), a metric similar to the efficiency index used in Stenback et al. (2011) (
where L o,i is the observed load (calculated as the product of concentration, discharge, and a units conversion factor) on day i, L p,i is the predicted load on day i, and n is the number of days on which samples were collected. A load.ratio value close to one indicates good correspondence between predicted and observed loads. Across all study sites, the mean and median load.ratio values were 0.996 and 0.990, respectively, for total nitrogen and 1.01 and 0.980, respectively, for total phosphorus. The full range of load.ratio values across all study sites is shown in Supplementary Figure S1 . The sum of observed daily loads (the numerator in equation 1) versus the sum of predicted daily loads (the denominator in equation 1) across all sites is shown in Supplementary Figure S2 . While there is slightly greater variability in the total phosphorus load.ratio values compared to total nitrogen, there is no consistent bias in either the total nitrogen or total phosphorus load estimates.
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Diagnostics from the multiple regression models
Partial residual plots for the variables included in the final multiple regression models show that the relations between export and the individual explanatory variables-taking into account the effect of the other explanatory variables in the model-were linear (Supplementary Figures S3 and S4) . These plots support the use of a linear modeling approach in this study.
Plots of observed versus predicted export from the final models indicate reasonably unbiased models, though values were more variable for sites with low export (Supplementary Figures S5a and S6a) . Slightly greater variation was evident with total phosphorus export as compared to total nitrogen export. Residuals for both models were normally distributed (Supplementary Figures S5b and S6b) .
Plots of studentized residuals versus predicted export indicate that the residuals were approximately homoscedastic, with somewhat greater variability at lower export (Supplementary Figures S5c and S6c) .
The studentized residuals were also approximately homoscedastic and distributed around zero when plotted against each of the individual explanatory variables .
In particular, the residuals were approximately homoscedastic and distributed around zero at all levels of soil erodibility when plotted against the management practices involved in the respective model interaction terms (area in conservation tillage for total nitrogen and area in the Conservation Reserve
Program for total phosphorus) (Supplementary Figure S7) .
Variability in factors affecting nutrient export
Boxplots showing the distribution of the factors influencing nutrient export (as determined by the final regression models) are shown in Supplementary Figure S8 . The plots reflect conditions at the 133 sites included in this study.
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Estimation of anthropogenic nutrient inputs
Anthropogenic inputs of nutrients to the agricultural watersheds used in this study were calculated for a given year i as:
where Fert i is the input from fertilizer in year i, Fix i is the input from biological fixation by crops in year i (nitrogen only),
Atm i is the input from atmospheric deposition in year i (nitrogen only),
FoodImp i is the input from imported food in year i,
FeedImp i is the input from imported feed in year i, and
Waste i-1 is the input from recoverable manure in year i-1.
The following sections describe how each input in equation 2 was estimated.
Fertilizer
Nitrogen and phosphorus inputs from fertilizer (including farm and non-farm uses) were derived from sales and expenditures data from the Association of American Plant Food Control Officials and the U.S. Census of Agriculture and processed as described in Ruddy et al. (2006) . County-level, annual data on nutrient inputs from fertilizer originally were available from Ruddy et al. (2006) . These data were updated after discovering a processing error in the non-farm versus farm allocation (Jo Ann Gronberg and Norman Spahr, U.S. Geological Survey, 2008, written communication) .
Biological fixation by crops
Following Alexander et al. (2008) , the annual biological fixation of nitrogen was estimated for soybeans, alfalfa hay, and non-alfalfa hay, the major nitrogen-fixing crops in the United States. individual farms" were treated as a value of zero. Annual biological fixation was estimated for soybeans as the product of county-level soybean production and the nitrogen fixation rate of 0.91 kg/bushel (McIsaac et al., 2002; Alexander et al., 2008) ; and for alfalfa and non-alfalfa hay as the product of the respective county-level harvested acreage, a conversion factor of 0.40468564224 ha/acre, and the nitrogen fixation rate of 218 kg/ha/yr for alfalfa or 116 kg/ha/yr for non-alfalfa hay (Supplementary   Table S1 ) (McIsaac et al., 2002; Alexander et al., 2008) . Total annual biological nitrogen fixation in each county was estimated as the sum of soybean fixation, alfalfa hay fixation, and non-alfalfa hay fixation.
Atmospheric deposition
Nitrogen inputs from atmospheric deposition were derived from wet deposition of nitrate and ammonium data from the National Atmospheric Deposition Program and processed as described in Ruddy et al. (2006) . Atmospheric ammonia and organic nitrogen largely are derived from volatilization of animal waste and fertilizer. Because these emissions may redeposit during the same year in close proximity to the emission source (Prospero et al., 1996) , deposition of ammonia and organic nitrogen were assumed to be recycled from other inputs in the same region and were not included as inputs in this study (Howarth et al., 1996; Jordan and Weller, 1996) . County-level, annual data on atmospheric deposition of nitrate and ammonium are available from Ruddy et al. (2006) .
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Food and feed import
Net import and export of food and feed was estimated as the balance between (1) nutrient consumption by humans and animals and (2) nutrients provided by crops grown for human and animal consumption and animals produced for human consumption in the watershed on an annual basis:
Net import of food = human consumption -crop production for human consumption -animal production for human consumption
Net import of feed = animal consumption -crop production for animal consumption
A positive value in equations 3 or 4 indicates that more crops and(or) animals were consumed by animals and humans than were produced in the watershed, representing a net import of food or feed; a negative value indicates that more crops and(or) animals were produced than were consumed by animals and humans in the watershed, representing a net export of food or feed. Because exported crops are derived from the initial inputs of fertilizer, fixation, atmospheric deposition, or recoverable manure in the watershed during the same year, they represent recycled nutrients; thus negative values from equations 3 and 4 were excluded from equation 2. The estimation of each term in equations 3 and 4 is described in the following paragraphs.
Human consumption of nitrogen and phosphorus was estimated as the product of population and the human intake rate. County-level population data for 1992, 1997, and 2002 were obtained from the time series of intercensal estimates by county, calculated by the U.S. Census Bureau (U.S. Census Bureau, 2000; U.S. Census Bureau, 2008) . Human intake rates were taken from David and Gentry (2000) and are shown in Supplementary Table S2 .
Crop production of nitrogen and phosphorus was estimated as the product of (1) crop production amounts (in units of bushels, tons, etc.), (2) Supplementary Table S3 . With the exception of pasture, the distribution of crops between human food and animal feed and the factors accounting for loss during storage and processing were reported in Jordan and Weller (1996) ; these values also are shown in Supplementary Table S3 . Because pasture is grazed by livestock and typically is not harvested, percent of crop to animal feed was assumed to be 100 and loss during storage and processing was assumed to be zero for this study.
Animal production for human consumption (milk, meat, eggs, organs, etc.) was estimated as the difference between animal consumption and animal excretion, multiplied by a factor accounting for loss due to spoilage and inedible components. Animal excretion was estimated using the same county-level data on the number of animals as were used to estimate animal consumption, together with animal excretion rates reported in Van Horn (1998) and shown in Supplementary Table S4 . Following Boyer et al. (2002) , loss due to spoilage and inedible components was assumed to be 10 percent.
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Animal consumption of nitrogen and phosphorus was estimated as the product of the number of animals and the animal intake rate for a livestock group, summed across all livestock groups in each county in each year (1992, 1997, 2002) . County-level data on the number of animals were obtained from livestock population data in the 1992, 1997, and 2002 Censuses of Agriculture. These livestock population data are a subset of those also used in Ruddy et al. (2006) ; assumptions that went into estimating non-disclosed values are described therein. Animal intake rates were taken from Van Horn (1998) and are shown in Supplementary Table S5 . The feed amounts accounted for in Supplementary   Table S5 represent approximately 90 percent of the estimated livestock feed grain and concentrate consumption by animals in the United States (Van Horn, 1998) .
Total imports of food and feed cannot be directly estimated. They can only be estimated via equations 3 and 4 as a net value-that is, as net import or export. This limitation can be illustrated with an example: let human consumption be 100 kg and crop production for human consumption be 75 kg. If all the crops produced for human consumption were consumed by people in the watershed, an additional 25 kg would be imported to meet the consumption needs of people in the watershed. However, there may be situations where some of the crops produced for human consumption in a watershed are exported, even when enough people are present in the watershed to potentially consume all of those crops. As an alternative scenario, let 15 kg of the 75 kg produced be exported to another watershed (say, potatoes exported to other parts of the Nation)-total import of "new" nutrients would then be 40 kg to compensate for this export. However, the net import, calculated via equation 3, is 25 kg in both scenarios. Because the actual value of exported crops is not known, the actual value of total imports cannot be directly estimated; only net import can be calculated. Thus, the estimation of anthropogenic nutrient inputs to a watershed in equation 2 may be an underestimate.
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Livestock waste
The variable Waste i-1 in equation 2 represents the waste from a previous time step that is used in the current time step to fertilize crops. Human waste is generally not used to fertilize crops, so waste inputs to the next time step are assumed to be comprised solely of livestock manure. Livestock manure is subject to spillage, volatilization, runoff, and other losses after generation in the previous time step and before subsequent application to agricultural fields in the current time step. To account for those losses, annual estimates of recoverable manure nutrients were used as estimates of Waste i-1 . Nitrogen and phosphorus in recoverable manure were estimated at a county level for 1992 and 1997 by Kellogg et al. (2000) and at a 6-digit hydrologic unit code (HUC) level for 2002 (Robert Kellogg, written communication, 2011) using animal units for confined livestock, a factor for manure recoverability, and estimates of the pounds of nutrients per ton of manure after nutrient losses during collection, transfer, storage, and treatment. Recoverability factors represent the proportion of the excreted manure that could reasonably be expected to be collected from confinement facilities and applied to the land surface (Kellogg et al., 2000) . Losses included volatilization of nitrogen, spillage, and runoff; only waste treatment technologies that are in common practice were considered in estimating these losses (Kellogg et al., 2000) . These estimates do not include the portion of manure from unconfined livestock that provides some degree of fertilization on pasturelands. In these areas, the estimates of Waste i-1 are likely biased low. The extent to which livestock operations use off-farm land to dispose of livestock waste is not available from the Census of Agriculture (Kellogg et al., 2000) , so the recoverable manure was assumed to be applied equally on all cropland and pastureland within each county or hydrologic unit. progression from January to December within a single year. Different crops are grown at different times throughout the year, and waste is generated on a continuous basis throughout the year. As a result, recoverable manure generated in a given year using crops grown in the previous year may be applied together with "new" inorganic fertilizer to some portion of the crops grown later in the same year. The true total amount of recoverable manure applied within a single 12-month period from January to
December likely includes some of the manure generated in the previous 12-month period and some of the manure generated in the current 12-month period; annual estimates from either 12-month period would be imperfect representations of the true amount. The annual data provided by the Census of Agriculture do not provide sufficient resolution to determine the relative chronology of manure generation and crop production in a given 12-month period. In addition, the Census of Agriculture is only conducted every five years. Because of these data constraints, estimates of all inputs in equation 2
(including Waste i-1 ) were based on data from the same year.
Anthropogenic inputs to a watershed
The sum of loads from the sources in equation 2 was used as the estimate of anthropogenic nutrient inputs to each of the study watersheds. Following Mueller and Spahr (2006) and Mueller and Spahr (2005) and as detailed in Supplementary Table S6 , the mean of multiple years was used as the estimate of watershed inputs of fertilizer and atmospheric deposition, which were measured annually.
This was done for correspondence with the riverine export (load) values in Mueller and Spahr (2006) , which were reported as the mean of the annual loads estimated during the high-intensity data collection period. The estimates of inputs of biological nitrogen fixation, recoverable manure, and net food and feed imports or exports were for a single year-the year of the Census of Agriculture closest to the corresponding high-intensity data collection period. For determination of total nutrient inputs to the watersheds, county-or HUC-level annual estimates of nutrient inputs were mapped to specific urban or S11 agricultural land uses within each county (Supplementary Table S7 Anthropogenic inputs from these sources, therefore, are routinely excluded from quantification of anthropogenic nutrient inputs to watersheds (e.g. Howarth et al., 1996; Jordan and Weller, 1996; David and Gentry, 2000; Boyer et al., 2002; McIsaac et al., 2002; Russell et al., 2008) . Because agricultural data from individual farms are not disclosed to protect the privacy of farm owners, the agricultural data used in this report are county level or coarser. In most cases, it is not economically feasible to transport manure throughout an entire county (Kellogg et al., 2000) , so the transport of manure among counties is likely to be low compared to the transport over smaller distances within counties. These equations also assume that nutrient mineralization and immobilization are in equilibrium. Because of limited information on crop uptake, animal intake, and animal excretion, certain crops or animals that are important in a given county or watershed might not be included in the estimation of total anthropogenic nutrient inputs. Lastly, the human consumption estimates were allocated equally across all urban land; a large proportion of human waste inputs, however, likely enter watersheds in more localized areas through discharge from wastewater-treatment plants.
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Additional landscape variables
The possibility of spurious correlation between the area in management practices and (1) the percentage of the watershed in agricultural land use and (2) the rate of glyphosate use was evaluated as part of the statistical analysis in this study. The source for agricultural land cover information was the 1992 NLCDe (Nakagaki et al., 2007) . The glyphosate data were derived by combining state pesticide use coefficients published by the National Center for Food and Agricultural Policy and county harvested crop acres available from the Census of Agriculture (Thelin and Gianessi, 2000) . Key limitations of the data include (1) state pesticide use coefficients represent an average for the entire state and consequently do not reflect the local variability of pesticide management practices found within states and counties, Supplementary Table S5 . Animal intake rates used in the calculation of animal consumption.
[For time step of dry mass value = day, animal intake rate = average dry mass x (average content of dry mass/100)*365 days*0.45359237 kilograms per pound. For time step of dry mass value = life cycle, animal intake rate = average dry mass x (average content of dry mass/100)*0. Supplementary Figure S1 . Distribution of load.ratio values for total nitrogen and total phosphorus export estimates at the study sites. Supplementary Figure S6 . Model diagnostics from the nal total phosphorus model--Continued. 
